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Objective: The Intermittent and Constant Osteoarthritis (OA) Pain (ICOAP) questionnaire evaluates the
constructs of ‘intermittent’ and ‘constant’ pain. Theses are conceptually different from ‘pain on activity’
and pain ‘intensity’ as measured by the WOMAC and Chronic Pain Grade (CPG), measures commonly
used in OA. The purpose of this study was to evaluate the responsiveness of the ICOAP, and different pain
constructs in primary total hip (THR) and total knee (TKR) replacement.
Methods: Patients completed the ICOAP, WOMAC and HOOS/KOOS pain and the CPG pre- and 6 months
post surgery. Scores were standardized to 0 to 100, where higher scores indicate worse pain. Descriptive
statistics were calculated for all data. The standardized response mean (SRM) was calculated for each
measure as were correlations of change scores.
Results: The THR group (n ¼ 34) ranged in age from 37e85 years with 74% male. The TKR group (n ¼ 44)
ranged in age from 45e86 years with 75% female. Both groups had signiﬁcant improvement (p < .0001)
on all pain measures but the TKR group had smaller improvements. For THR, the SMR was 1.50, 2.31 and
2.29 for constant, intermittent and total scores and for TKR, was 0.84, 1.02 and 1.02 respectively. The SMR
ranged from 2.05 to 2.99 for the other measures for THR and from 1.13 to 1.44 for TKR patients.
Correlations of the change scores were ranged from 0.26 to 0.81.
Conclusion: Multi-faceted constructs of pain are effectively relieved through joint replacement and all
measures including the ICOAP demonstrated responsiveness.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction and summary
Numerous measures of pain have been used clinically and in
research in people with osteoarthritis (OA) of the hip. These most
commonly include measures of pain intensity such as the numeric
pain rating scale1 and the Western Ontario McMaster Universities
(WOMAC) pain subscale which measures pain on activity2.
However, recent work by Hawker and colleagues indicated that
people with hip and knee OA experienced two distinct types ofto: Aileen M. Davis, Senior
rch and Arthritis Community
earch Institute, 399 Bathurst
a. Tel: 1-416-603-5543; Fax:
s).
s Research Society International. Ppain as OA progressed: a dull aching pain that is more consistent
over time; and, intermittent pain that is often more intense,
unpredictable and emotionally draining3. Under the auspices of an
OARSI/OMERACT initiative, the Intermittent and Constant Osteo-
arthritis Pain measure (ICOAP) was developed. Building on
preliminary work demonstrating the reliability and validity of the
ICOAP4, this work evaluates the responsiveness of the ICOAP in
people undergoing primary total hip replacement (THR) or total
knee replacement (TKR) for OA, and compares it with other
commonly used OA pain measures. The ICOAP constant, inter-
mittent and total scores demonstrated large effects (i.e., 0.80) as
expected in this patient group with standardized response means
(SRMs) ranging from 0.80 to 2.31. The SRM for the WOMAC, the
Hip Disability and Osteoarthritis Outcome Score (HOOS)5 and
Knee Injury and Osteoarthritis Outcome Score (KOOS)6 pain
subscales and Chronic Pain Grade (CPG)7,8 were also large, rangingublished by Elsevier Ltd. All rights reserved.
Table I
Sample descriptives
THR (n¼ 34) TKR (n¼ 44)
Age: mean, SD, range 58.2, 11.7, 37e85 64.2, 11.5, 45e86
Sex: male/female 25/9 (74/26%) 11/33 (25/75%)
BMI
20e25 kg/m2 8 (24%) 8 (18%)
26e30 kg/m2 12 (35%) 15 (36%)
31 kg/m2 13 (39%) 19 (45%)
Education: >high school 25 (74%) 32 (73%)
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WOMAC, HOOS5 and KOOS6 pain subscales and CPG7,8 were
moderate, suggesting that the measures evaluate different aspects
of pain. This work further supports that the ICOAP is a valid and
responsive measure of intermittent and constant pain for use in
people with hip or knee OA.
Methods, results and discussion
The participants in this study represent a subset of a larger
cohort of people undergoing primary THR or TKR for OA recruited
from four tertiary care centres in Toronto, Canada who were
recruited between May 2006 and March 2008. Participants were
eligible for the parent study if theywere 18 years of age or older and
were conversant in English such that they could consent to
participate and complete the questionnaires. Those included in this
study were recruited from December 2007 to March 2008 (n¼ 78),
the period in which the ICOAP was available. Data were collected
pre-surgery and at 6 months follow-up by mailed questionnaire.
The measures used in the current study included the ICOAP,
WOMAC pain subscale, the HOOS or KOOS pain subscales and the
CPG. Scores for all measures were standardized from 0 to 100 with
100 indicating worse pain. Descriptive data for the sample were
calculated using means, standard deviations and proportions as
appropriate (Table I). The SRM was calculated for each pain
measure. The relative efﬁciency (RE) of measures was calculated as
a ratio of SRMswhere the ICOAP scores represented the comparator
(i.e., the ICOAP score was the denominator). Hence, an RE greater
than one would indicate that the measure in the numerator
required a smaller sample size than the ICOAP to detect a speciﬁed
effect size. Finally, Spearman correlation coefﬁcients were calcu-
lated to evaluate the relationship of the change scores for theTable II
Pain measures at baseline and 6 months post surgery*: mean change, SRM and RE
Baseline 6 Months
Mean (SD), median
THR (n¼ 34)
Constant pain 43.09 (24.80), 45 09.71 (18.17), 0
Intermittent pain 61.38 (16.31), 63 16.21 (19.86), 8
Total pain 53.09 (17.83), 56 13.32 (18.32), 6
WOMAC-pain 52.79 (14.10), 55 11.47 (12.94), 10
HOOS-pain 60.97 (13.35), 63 14.58 (13.98), 11
CPG 60.84 (22.31), 59 12.21 (14.88), 11
TKR (n¼ 44)
Constant pain 42.27 (28.78), 50 15.45 (21.75), 0
Intermittent pain 52.25 (21.08), 54 23.66 (25.37), 13
Total pain 47.66 (23.12), 50 19.91 (20.93), 11
WOMAC-pain 50.80 (20.96), 55 22.84 (20.78), 20
KOOS-pain 58.25 (18.95), 58 28.09 (20.11), 26
CPG 56.60 (26.10), 63 22.51 (23.58), 11
RE greater than one indicates that a smaller sample size is needed for the measure in co
* All scores range from 0 to 100 with 100 depicting greater pain.
y Change e all positive scores depict improvement; all measures demonstrated statist
z ICOAP, constant, intermittent and total scores respectively, served as the reference (measures. We a priori hypothesized that while these measures
would be positively correlated, the magnitude would be less than
0.80 given that they represented different constructs of pain.
The sample (Table I) did not differ from the overall cohort (data
not shown). As expected, there were more women than men who
had TKR and the majority of people were overweight or obese. The
average pain score, irrespective of themeasure, improved from pre-
surgery to 6 months post surgery (Table II). Of note, 50% of the THR
and TKR patients reported that they had no constant pain as
measured by the ICOAP at 6 months post surgery.
As expected given the known effectiveness of hip and knee
replacement surgery, the SRMs were large for the ICOAP and the
other pain measures. The SRMs for the ICOAP scores ranged from
1.50 to 2.31 for THR and from0.84 to 1.02 for TKR (Table II). The SRM
was also large for the WOMAC, HOOS, KOOS and CPG for both THR
and TKR. For all measures, the improvement was greater for the
THR as compared to the TKR group. For both the THR and TKR
patients, pain on activity as measured by the HOOS and KOOS was
most responsive; i.e., had the largest SRM. The relative efﬁciency
was greater than one for the WOMAC, HOOS and KOOS pain
subscales and less than one for the CPG when compared to ICOAP.
As noted previously, an RE greater than one indicates that a smaller
sample size would be required for the WOMAC, HOOS and KOOS
subscales as compared to the ICOAP.
The correlation of the change scores showed different patterns
andmagnitudes for the THR as compared toTKR groups. For the THR
group, constant pain had statistically signiﬁcant correlations of 0.26,
0.34, and 0.39 for the CPG, HOOS and WOMAC respectively. The
intermittent and total ICOAP pain scores had slightly stronger
associations ranging from0.48 to0.64with the other painmeasures.
In contrast, the TKR grouphad correlations ranging from0.66 to0.81
for the various ICOAP scores with the other pain measures.
These results support that the ICOAP is responsive and able to
detect the large improvements in pain that result from hip and
knee replacement surgery. The smaller change in pain detected by
all the measures for the TKR group as compared to the THR group is
likely appropriate as it is accepted that, while the amount and rate
of change is greatest in the ﬁrst 6 months post surgery, THR
patients have greater pain relief than TKR patients and TKR patients
continue to improve beyond 6 months9e11. While the correlations
of change indicate that there is an association among the pain
measures, particularly for people undergoing TKR, these data
overall support prior work4 that suggests that the ICOAP measuresChangey SRM RE constant, intermittent, totalz
33.38 (22.21), 30 1.50
45.18 (19.56), 50 2.31
39.76 (17.36), 34 2.29
41.32 (15.87), 40 2.60 1.73, 1.13, 1.14
46.38 (15.51), 49 2.99 1.99, 1.29, 1.30
48.26 (23.44), 48 2.05 1.36, 0.88, 0.90
26.82 (32.14), 22 0.84
28.59 (27.91), 29 1.02
27.75 (27.22), 25 1.02
27.95 (23.24), 22 1.20 1.43, 1.18, 1.18
30.16 (20.98), 28 1.44 1.71, 1.41, 1.41
34.79 (30.84), 32 1.13 1.34, 1.11, 1.11
mparison to the ICOAP to detect a speciﬁed effect size.
ically signiﬁcant improvement, p < 0.0001
denominator) in calculating RE.
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measured by theWOMAC, HOOS, KOOS or CPG. This is most notable
for constant painwhere the correlations for the THR group are very
modest. It is unclear why these differences in constant pain exist
between THR and TKR but we speculate that back pain may inﬂu-
ence the rating and hence, relationship. Future work is required to
understand this difference.
The sample sizes in this study were small, although the antici-
pated changes post hip and knee replacement were observed. The
sample was from a tertiary care setting and it is unclear that these
results would be replicated in a sample from a community-based
hospital; although Gandhi et al. showed that those treated with
arthroplasty in academic as compared to community hospitals
from the same recruitment area as this study achieved similar
results12. Additionally, while these results may be valid for people
treated with joint replacement for advanced OA of the hip or knee,
responsiveness of the ICOAP remains unknown for other inter-
ventions in less severe OA.
In addition to supporting the measurement properties of the
ICOAP, the results of this study reinforce the need to carefully
consider the outcome measure chosen in research studies. The
construct of pain that is measured needs to be considered in the
context of the question that is being asked and the implications for
the data analysis may also need to be considered, particularly if the
question relates to understanding the relationship of pain to physical
function. In total joint replacement, pain and physical function are
both important outcomes that need to be evaluated.Using ameasure
such as the ICOAP, which aims to evaluate only the pain of OA, in
combination with a physical function measure disentangles these
two constructs, allowing the impact of OA interventions on pain and
physical functioning to be evaluated separately, and facilitating the
evaluation of the impact of one on the other. Measures such as the
WOMAC, KOOS or HOOS which ask about pain on speciﬁed activity
tend to be so highly associatedwith physical function that is difﬁcult
to independently evaluate the relationship13e15.
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